ABSTRACT
Introduction
Fetal outcome of late deceleration (LD) is uncertain, namely, the outcome of its 2-3 repetition was favorable, however, LD repetition resulted severe neonatal asphyxia, Apgar was very low associating the loss of variability, infantile brain damage, where definite threshold to be ominous outcome was unknown. Thus, the author needed new LD evaluation.
Methods
As fetal bradycardia is caused by the excited parasympathetic nerve center with hypoxia, while there was no FHR change when the animal was anesthetized with Urethan [1] , and apneic bradycardia disappeared and heart rate returned normal after infusion of oxygenated blood to anencephalic neonate [2] , fetal bradycardia is only the sign of hypoxia in fetal environment, but it is not immediately the sign of fetal brain damage, while fetal brain damage is shown by the loss of FHR variability. Fetal brain reacts minor fetal movements showing FHR variability, thus the variability is lost after fetal brain damage followed by cerebral palsy due to prolonged hypoxia. As short duration of low PaO 2 does not affect fetal brain, but it is damaged by prolonged hypoxic exposure as shown in the development of hypoxic-ischemic encephalopathy. Therefore, hypoxic damage apears in hypoxia, which was detected by the sum of durations of repeated decelerations, where the heart rate (bpm) is used instead of PaO 2 , because heart rate is highly correlated to PaO 2 when PaO 2 was lower than 50 mmHg [1] , and fetal PaO 2 was less than 50 mmHg [2] . Thus, the duration of hypoxic exposure was determined by the sum of deceleration duration, while hypoxic intensity was estimated by the inversion of nadir FHR, thus, the sum of deceleration duration (min) was divided by the lowest FHR (bpm), and multiplied by 100 to calculate the hypoxia index, namely, hypoxia index (HI) is the sum of deceleration duration divided by the nadir FHR, and multiplied by 100 [3] . The hypoxic exposure in HI is similar to the summated large dip area.
Results
The Apgar score after three connected LDs of 45 sec lag time was 9, where the HI was 6, while HI was 25 in a case of severe decelerations followed by the loss of variability and cerebral palsy, and in another case who repeated LD for 50 min associated by the loss of variability followed by severe brain damage, where the HI was 26, while HI was 20-24 in cases of abnormal FHR but neither followed by the loss of variability nor cerebral palsy [4] . Thus, upper limit to develop no loss of variability, no fetal brain damage followed by no cerebral palsy will be 24, and the lowest HI to develop the loss of variability and fetal brain damage followed by cerebral palsy will be 25 ( Table 1) . 
Discussion
As the sum of durations in repeated LDs in HI, the theory of hypoxia index can be adopted not only LD, but also to all decelerations including early and variable decelerations, as well as the acute sudden continuous FHR bradycardia. Early deceleration was benign but it is caused not by the short lag time but short period of appearance passing through the birth canal. Therefore, even early deceleration can be evaluated by HI, if the time passing through birth canal is prolonged, where HI can be adapted.
Of course variable decelerations can be evaluated by the HI. Thus, all of FHR decelerations are evaluated by the HI, namely, HI covers all of pattern classification and in addition continuous sudden bradycardia can be evaluated by the HI. Therefore, the HI is applied in the FHR monitoring, not disturbing by the pattern classification, guided by the threshold not to be damaged by hypoxic effect. However, the HI should be continuously calculated evaluating continuously to avoid the summarized hypoxic effect, while application of a simple computer will solve the problem, then, the FHR score, FHR curve frequency spectrum analysis and A/B ratio [4] are simultaneously applied with the HI. Those are big advantage, as FHR score evaluates short 5 min FHR score, while long period is evaluated with the HI, FHR curve shape is analyzed by frequency spectrum [5, 6] and A/B ratio [4] . Also, pathologic result obtained by computer is alarmed by expected Apgar score & UApH by cell phone or LAN, to perform the mostly correct treatment in fetal monitoring; early caesarean delivery will be performed at 24 or less of HI. The timely C-delivery will be planned, if the loss of FHR acceleration and decreased amplitude of variability to 5 bpm in the actocardiogram, because these changes preceed severe fetal asphyxia in FGR cases [7, 8] .
Conclusion
The novel hypoxia index is useful not only to evaluate late deceleration, but also all decelerations without the vague classification of deceleration patterns, in addition continuous fetal bradycardia is evaluated by HI, predicting hypoxic ischemic encephalopathy. Additional necessary diagnoses will be the short term FHR score, pathologic sinusoidal FHR and A/B ratio in computerized fetal monitoring.
